Abstract-The generalized cone is one of the newer concepts useful for describing spatial structures, and it has become popular as a volumetric primitive in models of object recognition. Apart from this use of the concept (or perhaps underlying it), the generalized cone can be considered a species of spatial regularity. In the general definition of symmetry as invariance across transformation, the generalized cone is a combination of translation and dilation symmetry. In such symmetry, there is homogeneity both of the slants of edges and surfaces of an object about an axis and the radial positions of these features about the axis. The results of two research projects are reviewed suggesting that the generalized cone is useful in human spatial organization. In the first instance, each of the three simpler regular polyhedra, the Platonic Solids, are easiest to perceive and imagine when they are organized as generalized cones. In the second instance, people imagine simple rotations best when the symmetric space that would be traced by the motion is aligned with salient spatial reference systems.
INTRODUCTION
The generalized cone is a relatively new addition to the set of concepts useful for describing spatial structures (Binford, 1971 (Binford, , 1982 . Already, however, it has become popular as the hypothesized structure of volumetric primitives in information systems that represent the shapes of objects (Marr and Nishihara, 1978; Brooks, 1981; Marr, 1982; Biederman, 1987 Biederman, , 1990 Landau and Jackendoff, 1993) . In this paper, I discuss the generalized cone in a different, but related, context. The generalized cone is a type of spatial regularity, of symmetry, to which human beings are sensitive in the organization of three-dimensional (3D) structures. In the remainder of this introduction I make more explicit the definition of the generalized cone as a type of symmetry. I then support my claims about the importance of the generalized cone by briefly reviewing two studies that are reported more fully elsewhere. The first concerns the perception and imagination of the three simpler Platonic Solids, the regular polyhedra (Pani et al., 1994) . The second study concerns the imagination of simple rotational motion (Pani, 1993; Pani and Dupree, in press) . I close by suggesting that the study of symmetry in spatial organization represents continued advance in the study of perception and spatial cognition.
A generalized cone is any shape whose contour could be traced out by moving a cross-section of constant shape along an axis, where the cross-section could change in size (Binford, 1971 (Binford, , 1982 Brooks, 1981) . To specify a generalized cone, one specifies a planar shape for the cross-section, a space curve for the axis, an angle between the cross-section and the axis, and a function that describes the size of the cross-section at any point along the axis.
The concept of the generalized cone can be considered a superordinate category for a variety of shapes that have long been described in the mathematical literature. For example, if one restricts the concept to shapes with straight axes, the generalized cone is a generic term for those shapes described by the abstract concepts of cone, pyramid, cylinder, and prism, and their variants (e.g. the frustrum, or truncated cone). These concepts, in turn, include such venerable geometric concepts as the solid of revolution (i.e. any shape that could be made on a lathe). The familiarity of particular classes of generalized cones, however, takes nothing away from the significance of the concept. It is important for cognitive scientists to select from the universe of mathematics what is relevant to cognition and to organize this material in ways useful to cognitive theory. The basis for developing the concept of the generalized cone within psychology is the hypothesis that people organize basic solids in terms of axes and various forms of regularity associated with 'sweeping' cross-sections along those axes (e.g. Marr and Nishihara, 1978) . The question is, just what are the regularities that make such shapes a natural class for human perceivers? In the following remarks, I discuss only generalized cones with straight axes. However, I expect that these remarks will apply with few changes to shapes with curved axes.
In the general effort to describe the regularity of physical structures, the term 'symmetry' has come to mean those properties of objects that are invariant across conceivable transformations (Hurlbut and Klein, 1977; Palmer, 1983; Burn, 1985; Smart, 1988; Leyton, 1992; Stewart and Golubitsky, 1992) . Different types of symmetry correspond to different transformations, as illustrated in Fig. 1 . Some symmetries are associated with multiple transformations.
For example, the prototypic flower has both rotation and reflection symmetry. A helix is invariant over a combination of rotation and translation symmetry (e.g. Weyl, 1952; Hargittai and Pickover, 1992) . Generalized cones, by definition, are produced by a combination of translation and
